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^ ® Radiation curable polyolefin pressure-sensitive adhesive. 

1- @ Pressure sensitive adhesive compositions comprise one or more poly(alpha^tef!n) homopolymers. 

CM . copolymers, terpoiymers, and tetrapolymers derived from monomers containing 8 to 10 carbon atoms and 

^ photoactive crosslinking agents. Radiation curing provides adhesive films having a superior balance of peel and 

(O shear adhesive properties. The pressure sensitive adhesive is useful in pressure senslBve adhesive tapes, in 

f- articlBS containing transfer adhesive films, and as the bonding material between supports in a laminated 
structure. 
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RADIATION CORABl£ POLYOLEFIN PRESSURE SENSITIVE ADHESIVE 
flH£ OF TTtf INVemON 

, BACKGROUND OF THE IMVENTIOM 

demanding endHise applications sudTas DBdk^nrZ^,Z . ^'o^-made" for specific, highly 
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of 7N catslvst system and process condlUons useful In preparing the "tacKy" copolymers required for 
/S dUC Sereo-regulatino thme^^mponent ZN catalyst ^^^Pjj!^!^^ 
^o^^rweight c^^^^^^^^^ block co^lymers un^UaJ.e ^-J^^^^^^^^^ t""" ""^ ^ 

pStlSKy h^e poor adhesion under shear. To be useful, high temperature masking ^^P^^ "f^ 

TsS i^rubbe;-iike- with Iodine numbers of 3 to 50. and intrinsic viscosities of 0,5 to 5.0. 

US P^tenTNos 4340705 and 4.551.503 describe 3-component ZN catdyst systems for ttie 
U.S. Patent Nos^ ^ " non-conJuQated a,«Kliolelins to yield sulfur vulcanlzates 

referenced above. 

SUMMARY OF THE INVENTIOM 

Briefly, the present Invention provides a radiation curable Po'y<--°'«"");^':"^''"''^«'^^^^^^^^^ 
that is F^essLr^sens-rtive at room temperatures and which upon cure yields an adhesive film hav.ng a 

one ol mJre polyene monomers, with the proviso that the mole percerrtages of all monomers sum to 
^ 1? « iSsnt ohotaaclive crosslinWng agent to crosslink the composition upon irradiation from a source of 

crossHnking reactions to Improve the cohesive strength of *« "'^^'^f ^j"^ „ _ ^ ^ the 

parts by weight of the polymer with from more than zero and preferably in the range of 1 to 150 pars oy 

-^'Z^X^^ZT^^^^ adhesion. *erma.ox,dat,ve s^^^- 
so and they are physlotogically Inert. These properties make them excellent f^^^^^^f^^^^^" 
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cxi*g canto achlered by MletorelMm^^mZS °" »■ " ™" nadi«„ 
As used in this inventfon: 

0 hydrocarton containing two or mom conjugated or rSriEZf" Pf^^, '""'^ner'' means a C*K3,4 
may also contain 1 to s unitary heteroSSedr^tJ. n ethylen.cally unsatLrated groups which 
-photoactive crosslinJdng ag^- mSns^ 2^1^ °^ '"'^ s"'^": 
polymer chains and becomeVSco^d HS^^r^c , ^' """" *® ^ f^^i^o". connects 

^ --'^cohe.vas..ngth.t^3r^S:yi3ri^^^ 

DESCaipnON OF PREFERRED EMBODIMEffTS 
' The racflalion^rable «tefin poVmers of the Inventon preferabV have the general fomiula: 

st^ve eSipt iS: rarnrmrrsrz ^ - « 

s'^leSl^Srn^TgrptSS^" '^"^ °" " ^^^^^'^^'^ 9«>ups 



f CH2>„Ra. -Ar-Ra. -(CHz ^„Q-Ra 
n » 0-14; 



Q can be a divalent group selected from the graup consisting of 



and — Si — 



w^y y IS *o 0,,,, ^ « „ ^ ^ 

»l» »» prowso But X * V = 100 mote porcant 

of no lin«r a*h«meg.^«TOr^* ""Mtalten I. . tamilnal oMn „ i„ »„ oa» 
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Suttabte polyene monomers useful in the practice of the present Invention are comprised of hydro«^ 
i^^tZ ^^^our ethylenlcally unsaturated groups. Examples of suitable polyenes, "^V ^^^'^ 
^ co^SinvSabte. include, bit are not limited to: the CK)u alphaomega Jenes ««h^^ ^ 

7^^TS^\^^^^T^^-^^^ alkenyl-norborrenes with the structure: 




" """liiS* Of «» poly™™ p™"™ "™rr "l!," SfniS^S; 
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ketones such es aoetoplw»i», t«nzopl»no« anaS' ^' ""«l»«<l *rt«ss>«; 

»to«utM a«lwlvM; Ho«»ltLs enttanino™, ma ih.ir 

.0 «naln elmniopho™^tetZnZ SoSJ^iSf™*?" "°*«»m'««>«»ne; end 

^o,^^.ao,p™.o*,..,„.p_.,,^«-,Xri^^^^ 

r-^^to-^^n^r-.r^^^ 
^^^i^-iri^o^TrfirHiSFr^^^ 

Photocurfng the compoSon <Jfhe pSent inveJti^ " '^^""^ 

3. (VtCL^orr^^^ ^« cured using electron 

from 1 to 20 niegarads (Mrads) p^^Tm 2^^^?^^^^^^ adheslva film of the Invention Is 

curing substrates that have been LSvl adh^^^ L^S;;n^fJf ? '"'*f^" 
Patent No. 4^33.568. which hereby inco"d" r reSS 

40 Shear adhesion of the tacktfied OTmDosifionT^n hi » u !^ ^'^ ''"P"^^'^ P««' "Iheslon. The 
adhe^on. The high In^STthTares^s T^'^^ "° P^^' 

appHcatlons In the automotive industry saiing tapes and mssking 

^.ur^^de^X^ --^^^ -n«. 

monomerBofthelsopren9rnanufacturiri pr<^ ?^^^^^ ^^"^"^ "yP^^^rt 

and Ring Softening Points of frvm aboS 8oTto aSt? m ^'!f^^^ 

Saponification values of less than oiT BLmnioL^ u " '^'^ Numbers of fixsm about 0 to 2. and 
« '-««on Of this typal^'XJSrgs^^gSi™ ^ -^^s olefin 

Goodyear Tire and Rubber Co. Other hydroSn rpJn?,2?T^ f ^ ^^^"^ ^™ 
ava^-teble from Hercules Chemical^ i,^''SSorDES^^^^ Regal«2™ii28 
2~P0.stCt^le..du3«e3.c&^.^^^^^^^^ 

monoterpenes and their mS^Jna^X^^^^Ji^ "cyclic 
o«»r terpenas. Comme«,., av.^,e 'ZnT^Z'^^'Z^Zr^,:^^ 
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Number Of one. and lo(Sne Number d 180. ^ however, saturated tackifying resins are 

The tackifying resins may contain »tjy'«"j' " Jf'™^^^^^ ^^Li The total amount of tackifying 

m«lste. WBS Wns polymer «Ws »ch ^P^^^^^s^StlTte S » «um.»m. ooppr, 
substrates. UseW primers for tiie practice of tne presem ZI!l-run iflDIX Shell Chemical Co.) and a 



films. 

TEST METHODS: 



Qh^,> Rtronpth fASTM D-36S4-78; PSTC • 7 ) 

upon « »noor< ol fc-c -n-i™. » w« "J "^'''Jr.SjnSoriSrsitr.Sd in un»! of «m. 
5f«drnen to separate from the steel panel Is recorded as the shear strength. 
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Mode of Failure (MOf=) 

Sp = adf^ sP'fc both surfaces completely covered by adhesive- 

Within the range of the present InventiS (7 1^00^^^,^/''''!^^^ «" 
appncations. ' prefenBd depending on endnjse 

« ^-^P-'^-ofeachtapeweretestedandtheshe.testswereaverag^^ 
Peei Adhesion [ASTM D 3330-78; PSTQ - 1 ni/7Si ^ 

1) A test specimen 12.7 mm wide is applied to a horlaniaiiv r>neitu„«^ . 

rubber roller is used to press a 12.7 cm lenfflh of maS^^S^t'^fF ^ P'°^- * 2.2 kg 

^ ?irrrs^i^xr^^^^^ 

4) T.e sc^te reading In Newtons .corded as the tape is'peat fr^m the glass surface. 
Inherent Viscosity [ASTIVI D 2857-70 (Reapprpved 1977^ 1 

Viscosity Of 10 mi. of PSA soiuSSn is meS^Sj f^nonSil'S'","' *^ ^ 
controlled at 25 ' C. The soh,ent used Is spe^e^iSe^r ^ ' 

Percent Gel Test [ASTM D 3616-82 1 

The percent gel Is used as an indication of cure lav»i ttib 

corrected to the actual percent gel. The c^„fS,?.nrS^* are 

total mass of materia that is enable of aSd "^1"? ?T "^"^ "y the 

subtracted out when detem^iningTe ge" S^? ^ * « "^^^ ^re 

.^m^cihi^K'rr.!^ 

temperature with increasing crTssSng <iS!; ^ ' ' ^'S**^ 

detSro?5:xr^rri^~ 

of the tape. ^ '^"^^'""a *e process and ttiereby raising the quality 

gel Content Detenninatlon : 

A ^ «, sp«^,„ „ , ,e, ^, ^ ^^^^^ , 0, PSA » cu, «, 
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tena anrt niansd In B 120-mesh sfalnlBSs steel basket measuring approximately 4 x 8 cm. The contents are 

Tr^ pl^^nToven at 93' C. The basket and specimen are dHed to a constant w«9ht and the gel 
content is detemilned as follows: 

Extract % - weight lost during extraction x 100 
weight oi original specimen 

calculating the corrected gel content as follows: 
.erce»t extract - -[ j i;; irUS'Mf '"'e i^St^o? 



EXAMPLES 

Included in the examples. „v«r«nip« ware cured uslno an ElectroCurtain Model 

^""iTs 1 1'^ r.httoordlna«on po.ymeHza«on of monomer mixtures to maKe copolvmers 
- ""tLtr™: Sfu luminum catalysts, while Examples 25 to 65 were made 

Of aSSve pmperties obtainable using the invention. Examples 66-99 perl^n to non^acWfied adhesive 

« "''"^HS:fll^2r9%^S totStml^^^^ PSA «lms that demonstrate the w^e^range of 
adhe^rp^peroUr using the inven«on. Examples 146-181 pert^n to non-tac,«f.ed adhesive 

partiSK^rials and^ounts thereof recited In these examples, as well as other conditions, and del^is. 
" should not be constoed to unduly limit this invention. 

Example II - Synthesis of 1-hexene/1 .7-octadiene copolymer (weight ratio 98:2) using a vanadium catalyst 

^ Thp foiiowina readants were charged in the order named to a dry. argon flllad. circulating water 
iaclJid SS ^acS^uTpped with stiTrer and dry Ice condenser. 825 g dry heptane. 490 g of 1 -haxene 
iSTneSS; rvaltblelrom Gulf OiD which had been passed through ^umina/silica to remove .mpurWes 
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copcymerization was ^^Jo JZl^o^^^^^^ 

rBactor jacket to maintain the temperaltirB at 25^0 faTflve Si?t?«^Lf 2^ ^ ^"''^^ ^ 
deadivatB the catalyst The methanol was Z^f^ w, twire. One liter of methanol was added to 
colored copolymer ^ vvShTl^ aZ<^^«l ""^^ ""^ S^" 

Examples 2-24 



10 

Copied from 10708996 on 05/10/2005 



EP 0 416 921 A1 



Polymer 

EX. # Monomers'" .nd Molar Ratios vieldji) r£l 

2 100 H 9^ 

3 99 H : 1 OD -41 

4 98 H t 2 OD 



5 95 H J 5 OD 



9 
10 



14 100 

15 99 0 



18 96 0 : 4 VCH 

19 95 0 : 5 VCH 

20 90 0 t 10 VCH 

21 98 O : 2 ENB 

22 95 0 : 5 ENB 

23 90 0 : 10 ENB 

24 50 O : 45 H : 5 OD 



79 ND*' 
58 -40 



6 99 H ! 1 VCH 85 

7 98 H 1 2 VCH 79 

8 95 H : 5 VCH 67 -44 
90 H : 10 VCH 

99 H : 1 ENB ^ 



98 H ! 2 ENB 58 
95 H : 5 ENB 56 
90 H : 10 ENB *5 



98 

VCH 87 



16 98 0 : 2 VCH 89 

17 97 0 . 3 VCH 76 



82 
75 
62 

68 

59 
57 



so 



5S 
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TABLE I (continued) 



•h 




1-hexene 


0 




1-octene 


00 




1,7-octadiene 


VCB 




4-vinylcyclohex-l-ene 


BNB 




, 5-ethylidene-2-norbornene 


ND 




not determined 


Tg 




glass transition tejaperature 



BcamplB 25 - Synthesis of 1-octenert^CH copolymers using a titanium catalyst 

reduced 71013 (AATObTW) catalyTSlaLrL ItS^ffTi,^ aJumlnum-a«ivated 
initiated by the slow addition of 0.28 ml cT 9 MTcT^T^^SSrS^ ^"J '^^ .^^ ^ 



Example 28 



Example 27 

T,»'Sfr;T p°is:r^'°p,"^"jr .THr c'rr ■'rr^' ^ . ^o. 

»l*n and s« =olrt cn^ST ' ^' " " of M di/j ,„ ^ 



Example 28 



In hexane solution. copolymer had a of -59 C and an Inherent viscosity of 1.9 dl/g 



ExsBnptes 29-65 



Using the procedure, catalysts, and concentrations saadfied fn lo u . 
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Indicated in Table II. 



Polymer 

E,. # Monomers'" and Wt. Ratios Yield <%) (dl^) TC) 

29 99 H ; 1 OD 

30 95 H : S OD 

31 90 H s 10 OD 

32 99 H I 1 VCH 



85 5.5 -41 

72 4.7 -40 

56 3.9 -36 

87 5.2 -42 



TABLE II (continued) 

Polymer iv' 



20 


EX. # 
33 


Monomers' 


and Wt. Ratios 


Yield 




98 B t 


2 VCH 


6S 




34 


95 K : 


5 VCH 


61 




35 


90 H : 


10 VCH 


65 


25 


36 
37 


98 H : 
95 H s 


2 ENB 
5 EMB 


69 

*s. 




38 


90 H ! 


10 ENB 


37 



30 


39 


99 0 ] 


1 VCH 


72 




40 


98 0 ! 


2 VCH 


71 




41 


97 0 J 


3 VCH 


67 




42 


96 0 t 


4 VCH 


72 


SS 


43 


95 0 : 


5 VCH 


63 




44 


90 0 : 


10 VCH 


57 




45 


9B 0 1 


2 ENB 


62 




46 


95 0 ! 


5 ENB 


56 


40 


47 


90 0 1 


t 10 ENB 


45 




46 


97 0 1 


i 3 myrcene 


52 




49 


90 0 ! 


: 10 myrcene 


47 




50 


90 0 


I 10 beta-pinene 


56 


45 


51 


85 0 


i 15 beta-pinene 


43 




52 


90 0 


: 10 llmonene 


37 




53 


90 0 


t 10 styrene 


62 




54 


90 0 


i 10 ieoprene 


57 


60 


55 


99 0 


• 1 banzophenone 


22 



( dl/g ) i'c) 

4.6 -42 

3.7 -44 

3.8 -41 
4.5 -42 

3.9 -42 
3.2 ND'" 

4.7 ND 

4.8 -62 

4.9 -64 



-65 
-62 
-62 



ND -65 
5.7 -68 



56 
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TABLE II (continued) 

t Honoaers '" and Wt. Ratios 

56 100 1-heptene 

57 95 1-heptene : 5 vcH 

58 100 l-nonene 

59 95 l-nonene : 5 VCH 

60 100 1-decene 

61 90 l-decene : 10 BP 

62 50 0 : 45 H : 5 OD 
^3 50 0 : 47 H : 3 OD 

64 50 O : 48 H : 2 OD 

65 50 0 : 49 H ; 1 OD 



1-hexene 
1-octene 
lr7-octadiene 
VCH - 4-vinylcyclohex-l-ene 

5-ethylidene-2-norbornene 
beta-pinene 

inherent viscosity at 0.2 gm/dl concentration 
not determined 



ENB 



Polymer 


iv' " ' 




Yield t%) 


(dl/q) 


i'c: 


56 


2.0 


nd' 


32 


3.2 


ND 


46 


4.1 


ND 


37 


2.7 


ND 


95 


6.2 


-64 


60 


ND 


-71 


75 


ND 


-50 


78 


ND 


-52 


82 


ND 


-53 


91 


ND 


-53 



^^P^ B6-99 - UV Cured Non-tackified Adhesive Tapes 
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^ ™2« . uv <S„M ^ ^^^^^^ ^ 

UV.photocu«d tapes a.B Shown in Table IV teJw. c-" the backing. T7,e results for these 

^^P'Qs ^^^8^ - E-beam Cured Non-taddlied Adhesive Tapes 

BMrcOM, model 06160 («™i!bte torn B»m SolenoM In") «TlJr.2^»^, S " 

^^P'«s ^82-219 - E-beam Cured Tackified Adhesive Tapes 



18 

Copied from 10708996 on 05/10/2005 



EP0 4iaffi1A1 



I'lj g u - - - ^ - - ft •• - 6 iS ft ft 

....... — 

111-"'- 



I 

8 



353 23 3233333 333 3323 



111 II mnu m mi 
ill! I! Iliilii III 



Copied from 10708996 on 05/10/2005 



EP 0 418 821 A1 



III" aaa assgggsgs sesgg 



■ ^ s s s s 



^11 



r4 ri H 4 .4 ^ H i 

55 



If 

I 

"o 

I 



llllllil nil 



20 

Copied from 10708996 on 05/10/2005 



EP 0 416 921 A1 




21 

Copied from 10708996 on 05/10/2005 



EP 0 416 821 A1 



1^ 00 CO Ot 



•§•3 



2 (*» r-* »H 



^ SO o in 



• o uj N ^ «o o in 



I I I 

fl) 0) <D 

11"' 

« o o 

JS JS xt 



S S S <^ Q 
o o o o o 



S S 9 S o 

o o o o o 

S S ^ ««« 

CO CO 00 00 eo 

o\ o\ o\ o\ o\ 



22 

Copied from 10708996 on 05/10/2005 



EP 0 416 821 A1 



(5* CO to < 



-O-H 

O 10 



Cu Oi OU h 

b Ol P4 



© SJ M in «*> I 

si| - - 



■H GO eo « o ro 
ro fS fS m M 



(s| « VO O lO 



o o a o 



0^ <T> Ot 



c c c: c c 



o o o o o o 



o o o o o o 



O Q Q S Q 

o o o o o 

<vj CS fM CN (N 

^ ^ ^ ^ ^ 

09 CO oo 00 eo 

<Tv o> (n o> a> 



\0 00 ON O rH 

\0 \0 VD to 



r- r» r- r- 



ss 



23 

Copied from 10708996 on 05/10/2005 



EP 0 416 921 A1 



« hi 



sil :j - 
9 5*1 



« 73 

II 



9 @ Q Q Q 
o o O O O 
•n in m K S 



o c!, i I J 



24 

Copied from 10708996 on 05/10/2005 



EP 0 416 921 A1 

11 

llilli iilll ilini till 



26 

Copied from 10708996 on 05/10/2005 



EP 0 416 921 A1 



j|[ fc ft e a ft ft es s s is & a g g s 5 & 



ll « « I 5 S R I 



ll 



I.' 



a* 
II 



3| 



1^ 

I III 



withoTZ,S^*'T ^ '^'l apparent to those skilled in the art 



1. A radiation curable poWo-olefln) pr^re-seasitive adheslva compo«-tion comprising: 

a) at least one polymer comprising the reaction product of from 65 to 100 mole oercent & tn r 

b) an effective amount of a photoactive crosaHnMng agent 
Z The composition according to claim 1 wherein said: 
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a) polymer has the formula: 



■(■CHj-CH^^-fCHj-CH-^y 
Ri R, 



whare Ri Is selected from monovalent hydrocaiton groups containing 4 to 8 carbon atoms; 

t l^^mnt73^hv6roc^n radical containing one or more ethylsnloally unsaturated groups selected 

fifom the group consiaUng of: 

<CHj>„R3. -Ar-Ra, -(CHz^nO-Ra 

Rris^cftocH mitovalent hydrocarbon group containing one or more ethylenlcally unsaturalaJ groups; 
Ra IS a 02 to uio =,„„«ho rinns with from 0 - 8 substituents selected from 



a! 3 a divalent anjmatic radical containing 1 or 2 aromatic rings with from 0 - 8 substituents 
Jle gmup S«ling of alkyi, aryl. cycloalkyl. alkoxy, and aryloxy containing from 1 - 12 carbon atoms; 
Q Is a divalent radical selected from *e group consisting of 



and — Si— 



where R. and Rs are the same or different C, to Co monovalent hydrocarbon radicals selected from the 
arauD conststina of alkyi. cycloalkyl. alkaryi, aryl, aikoxy. aryloxy; 

xTs ?ie moHe^cent^ one or more Cc - Co M monomer(s) the total ranging from 85 - 100 mole 

^r^Bmote percent of one or more polyene monomer(s) the total ranging from 0 - 15 mole percent; 
with the orovlso that x + y = 100 mole percent. 

r Te SSSon acceding to claims 1 and 2 wherein the polyene monomers are selected from the 
™^SsC^^^ aliphatic Les. aHphatic trienes. aliphatic tetraenes. aromatic denes, ^om Jc Wenes. 
St^cllo dlenes. bicVdic dienes. tricyclic dienes. tetracyclic dienes. monocyclic trienes. bicycfic tnenes. 

rCctSS Sg to cTls 1 to 3 Wherein said polymer comprises at least one of residua. 
IZiS^n^rated groups in pendant side chains and residual ethylenic^ly unsatunited groups m the 

??!fe''Smpositlon according to claims 1 to 4 wherein said photoactive crosslinking agent is selected from 
the orouo consisting of aldehydes, ketones, quinones. thioxanOiones. and s-trtazlnes. 
ri^rcom^sWon aaxrding to claims 1 to 5 further comprising a tacki^rg resin in an amount in the 
range of more than 0 to 150 parte per hundred parts of the adhesive composition. ^^^^ 
composition according to claim 6 wherein said tackifying resin is selected from the group consisting 

<5 of hydrocarbon resins and polyterpane resins. t ,-„=taH nn » «iihairatft 

8. M article comprising the cured or uncured adhesive composition of claims 1 to 7 coated on a substrate 

9 ?rSn^Xta cidm Bfurther comprising at least one of a primer layer and a relea^ liner^ 

10 TTir^cle according to claims 8 and 9 which Is a pressure-sensltive adhesive tape or a transfer 
>o adhesive film. 



66 
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